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as a direct consequence of surface conditions and geographic location of the area under consideration. In general, these patterns yield the sufficient conditions to produce a "statical stability" (Proudman, 1953) , due to continental interference with any possible latitudinal circulations which are caused by density gradients.
In tropical and subtropical open-ocean areas, these depthdependent variations result from patterns of wind and insolation which are primarily seasonal in nature (Brown, 1965) . Although extensive studies at all longitudes are lacking, specific studies using bathythermographsr in the southern North Pacific Ocean show that salinity maxima occur in the upper two-hundred meters of depth at the stations considered (Brown, 1965) . Similar studies, however, are lacking for the corresponding areas of either the South Pacific or the North or South Atlantic.
In the aforementioned study there is found to be a positive correlation between the salinity maximum and the depth at which the water temperature starts to decrease at a rate greater than its (approximately) uniform rate at shallower depths (Brown, 1965) . Thus, as might be expected, the layer of maximum salinity coincides with the layer of suddenly decreasing temperature.
Such data are, in general, lacking for the Atlantic Ocean except in connection with studies made in the area of the Gulf Stream 7. (Iseline, 1936; Stommel, 1965) . Although these have included deepwater areas, the presence of the strong surface current lessens the general applicability of the results. They are, however, useful in giving clues to the behavior of shallow-water currents, the subject of this study.
The problem first came under investigation during observations of data collected as part of an oceanographic survey by the U.S. Navy of the Tongue of the Ocean Basin and vicinity in the Bahama
Islands.
The Tongue of the Ocean (see Fig. 1 ), is marked by a precipitous increase in depth as observed in an east-west section.
The basin has, in general, a depth gradient of about 900 meters for each 5700 meters of horizontal distance. Immediately to either side of the boundaries of the Tongue, which are usually delineated by the line marking 183 meters or 100 fathoms of water depth, the Great Bahama Bank is an extremely shallow-water area, with no depths greater than about seven meters. Separating this bank from the deeper water to the east is a chain of small and narrow islands and cays, while to the west is the large Andros Island.
Exuma Sound, the basin to the east of the Great Bahama Bank, attainds depths equal to those of the Tongue of the Ocean, but has a smaller gradient of depth with horizontal distance. Thus, the picture obtained in an east-to-west section of the area is that of a deep basin which slopes upward to narrow channels between cays 
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!. The distribution of these data is shown graphically in Fig. 4 (for speeds greater than or equal to 0.30 knot) and Figure 5 (for speeds less than 0.30 knot). Indeed, even though the clustered nature of the higher speeds is shown in Fig. 4 as being quite noticeable, it must be remarked that many of the readings in the non-modal angular intervals for speeds in the higher range will be eliminated when anomalous readings of 48 hours duration, recording consistently high -currents of highly variable direction, are removed from consideration.
As a secondary portrayal of this clustered nature of the higher speeds, a cumulative distribution for each speed range plotted the percentage of readings in each speed range up to and including the angle in question (Figs. 6 and 7) . While the data curve for speeds of less than 0.30 knot varies in slope between 380 and 600, a range of 22*, the curve for speeds in the higher range varies between 8* and 75?, a range of 670. Once more, the highly modal nature of the two angular intervals (45*, 135*) and (2700, 3150)
for the higher speed currents is evident.
Once it was established that the faster currents clustered significantly in two angular intervals, and that this clustering 400. These shifts in the direction in every case proceeded through increasing angles, i.e., in a clockwise progression, and thus the readings in general followed the pattern of Fig. 8 .
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At the time that the current meter was placed in position and again when it was removed, samples of water were taken to note the salinity variation in the area of the station. 
where L is the period of the wave. Tides approximated by cosine functions are expressed in the form r H cos(tOt -)) n cos(n t - i.e., N 2 !s contribution to the total amplitude of the final tide is 19.2% of M Is, although they will not occur at maxima at the same 2 time, due to phase differences (Doodson, 1922) .
In the Laplacian theory of tidal waves, the tides are seen as progressive waves moving in response to the basic harmonic t. ,
26,
forces but decisively modified by geographic and topographic factors. This is indeed found to be the case, as seen in Figure 9 (drawn up on the basis of data for high-water times in Tide Tables -1966) Although the Bank and lower Tongue are somewhat enclosed by small chains of islands, there appears to be no seiching effect within the area. This is probably due to the presence on all sides of somewhat larger and freer-circulating channels. Thus, the nature of the progressive wave appears to be that of a wave which enters and leaves the bank through the same channel in response to advancing or receding crests of tidal waves (as opposed to a seich propagating by reflection from the borders of the basin).
The use of the theoretical equations for evaluating the propagation velocity depends on the determination of the harmonic coefficient involved in them, and this makes its use conceivable only in open-ocean, deep-water areas because of the complications introduced into shallow-water constituents by the differential in frictional forces in a wave entering shallow areas.. The relatively shallow water has more effect on the trough than the crest of the wave due to the total amplitude of the wave, and the results are overtides, new constituents with angular speeds which are integral multiples of the astronomical constituents. These new shallow-water constituents have amplitudes which are inversely proportional to their angular speed, and have enough effect to make theoretical formulation of shallow-water effects arduous (Dronkers, 1964; Proudman, 1953) .
The measurements of tidal flow across the shallow area allow the determination of total mass and volume of water transported by these flows through the area. The equations for volume transport by horizontal currents (as cited in Sverdrup, et al, 1942) X y It must be emphasized that these figures represent total water mass transport past the station point, and not the actual mass effluent from the bank area. The actual effluence from the bank will be somewhat less than these values in the period considered, due to frictional forces acting on the flow through the cay channels. This force in the direction of flow will be of a shearing type produced by the walls and floor of the channel.
The question of the presence of a laminar flow across a shallow area can only be answered by current measurements at several depths in the water over a long period, combined with density and temperature measurements. The thermal measurements for the location of the current meter of this report, showing as they do a 32 constant temperature gradient with depth, and the small variations in salinity with depth, indicate that an internal wave probably is not present. Rather, there would appear to be complete nonlaminar flow across the entire section. Indeed, the current speed should ideally be found to increase with decreasing depth (and therefore decreasing bottom friction). For a bottom current with a velocity of form vr = f(rt), it is found (Proudman, 1953;  Sverdrup, et al, 1942 ) that the form of variation of this velocity with decreasing depth z is vr(z) = enf(r,t),where z is the vertical distance from the bottom and y is a function of salinity, temperature, and depth.
COMMENTS AND CONCLUSIONS
The purpose of this study was to investigate the true nature of the current patterns in the southern part of the East Bahama Bank with a view towards determining any relationship between these patterns and the temperature-salinity profile of the Tongue of the Ocean. Specifically, it was to be determined whether the currents were of the form of a simple backing-up and subsequent intensification of currents in and through the cay channels on the east, or a more complex progressive wave across the bank consistent with the cotidal pattern thereon.
As is seen in Fig. 9 , the general pattern of the perpendiculars to the cotidal lines in the area of the current meter was that of a generally southeast to northwest progression of the wave crests. This trend can be seen to be a result of the general patterns of islands and cays and of changing water depth in the Bahamas area, and not of the island-and-channel chain directly to the east of the Tongue.
The tidal flow is thus not primarily the result of hydrostatic pressure through the channel pattern, but rather results from a complex progressive wave whose velocity is intensified to only a slight extent by the "piling-up" effect in the channels. The direction of the wave in the neighborhood of the meter location takes it through chains of islands to the southeast, but the net effect is no more than that of a complex wavefront.
The many readings of speed and direction from the current 34.
meter are the major sources for verification of the true origins of any currents in the area. The two angular intervals with the highest frequencies of occurrence in the high-speed range coincide with the directions of the tidal wave entering and leaving the East Bahama Bank (as revealed by the cotidal plot), and also with the 6T-hour periodicity of a high-to-low tide cycle.
The fact that all three variables (speed, direction, and periodicity) so closely concur with their predicted values by tidal flow leads to the conclusion that the far greatest proportion of observed flow originated with the progressive tidal wave through the area and past the station.
The excellent correlation between high current speeds and the direction of tidal flow is partly attributable to the relative lack of other, constant currents in the vicinity of the current meter, and also partly to the near-bottom position of the meter.
This position, however, did serve to allow a closer inspection of currents common to all surface conditions.
Although it has been shown that the local currents are most directly caused by the tidal sweep across the bank, a more comprehensive survey is required to more accurately place the various tidal forces in a hierarchy'of current-producing forces, i.e., there may indeed be a component of tidal flow which is most important in the surface structure of the water, but such a component would not be revealed by a meter near the bottom. In addition, the total transport past the meter can be more accurately defined only with similar speed and direction data for several stations arranged from surface to bottom in a section.
